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Abstract
Introduction
In the WHO European Region, endemic transmission of measles and rubella had been inter-
rupted by 37 and 42 of the 53 member states (MSs), respectively, by 2018. Sixteen MSs are
still endemic for measles, 11 for rubella and nine for both diseases, the latter including Italy.
Elimination is documented by each country’s National Verification Committee (NVC)
through an annual status update (ASU).
Objective
By analysing data used to produce the ASUs, we aimed to describe the advances made by
Italy towards elimination of measles and rubella. Moreover, we propose a set of major inter-
ventions that could facilitate the elimination process.
Methods
A total of 28 indicators were identified within the six core sections of the ASU form and these
were evaluated for the period 2013–2018. These indicators relate to the incidence of mea-
sles/rubella; epidemiological investigation of cases; investigation of outbreaks; performance
of the surveillance system; population immunity levels; and implementation of supplemental
immunization activities (SIAs).
Results
From 2013 to 2018, epidemiological and laboratory analyses of measles cases in Italy
improved substantially, allowing timely investigation in 2017 and 2018 of most outbreak and
sporadic cases and identification of the majority of genotypic variants. Moreover, since
2017, vaccination coverage has increased significantly. Despite these improvements, sev-
eral areas of concern emerged, prompting the following recommendations: i) improve
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outbreak monitoring; ii) strengthen the MoRoNet network; iii) increase the number of SIAs;
iv) reinforce vaccination services; v) maintain regional monitoring; vi) design effective com-
munication strategies; vii) foster the role of general practitioners and family paediatricians.
Conclusions
The review of national ASUs is a crucial step to provide the NVC with useful insights into the
elimination process and to guide the development of targeted interventions. Against this
background, the seven recommendations proposed by the NVC have been shared with the
Italian Ministry of Health and the Technical Advisory Group on measles and rubella elimina-
tion and have been incorporated into the new Italian Elimination Plan 2019–2023 as a tech-
nical aid to facilitate the achievement of disease elimination goals.
Introduction
In the European Region of the World Health Organization (WHO), endemic transmission of
measles and rubella has been interrupted by 37 and 42 out of 53 member states (MSs), respec-
tively, by 2018. Sixteen MSs (30%) are still endemic for measles (of which four have re-estab-
lished endemic measles transmission in 2018); 11 are still endemic for rubella and nine for
both diseases, the latter including Italy [1].
In each MS, the National Verification Committee (NVC) is responsible to monitor and ver-
ify the elimination process at national level through the elaboration of an annual status update
(ASU) which is annually submitted to the Regional Verification Commission (RVC) for review
and evaluation [2]. Members of NVCs are designated by their respective ministers of health
and include specialists from various fields who participate on a voluntary basis [2]. In Italy, the
current NVC is in office since 2015 and has submitted a total of six ASUs to date (ASUs for
2013 and 2014 were both submitted in 2015). In addition, to verify elimination of measles and
rubella also at the subnational level, regional reports and synthetic regional reports were pro-
duced for the years 2014–2016 within the project "Actions to support the National Plan for the
Elimination of Measles and Congenital Rubella" [3–6].
Through an analysis of data used by the Italian NVC to write the national ASUs submitted
for the years 2013–2018, this study aims to describe the progress made by Italy towards the
elimination of measles and rubella, with a special focus on 2017 and 2018, and highlight the
critical issues that are still hindering the achievement of such goals. We also recommend a set
of major interventions that could improve the elimination process.
Methods
The national ASU allows to verify the interruption of endemic measles and rubella transmis-
sion through five core components which relate to i) the epidemiology of measles, rubella and
CRS cases (including incidence/cases; epidemiological investigation of measles/rubella cases;
outbreak investigation); ii) the molecular epidemiology of measles and rubella viruses; iii) per-
formance of measles, rubella, and CRS surveillance; iv) the population immunity against mea-
sles and rubella (which includes vaccination coverage and supplemental immunization
activities (SIAs)); v) the sustainability of the national immunization programme (NIP) [2].
Data on the 1st core component are provided by the Department of Epidemiology of the
National Institute of Health (Istituto Superiore di Sanità –ISS) based on information reported
by the Regions using the web-based integrated measles and rubella surveillance platform. Data
Progress towards elimination of measles and rubella in Italy
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on the 2nd core component are provided by the National Reference Laboratory for Measles
and Rubella (NRL) of the ISS, which, together with the Department of Epidemiology, provides
also data on the performance of measles and rubella surveillance. Data on vaccination coverage
are provided by the Italian Ministry of Health (MoH) based on the data collected by the
Regions from the respective administrative territories; data on SIAs are provided directly by
Regions, which are also required to provide information on the outbreak investigations con-
ducted through the submission of the outbreak reporting forms. Information on activities and
initiatives to support the NIP are generally provided by the MoH.
Within the ASU’s core components, a total of 28 indicators were identified (Table 1). Most
of these indicators were used previously to monitor and evaluate measles elimination in Italy
at subnational level for the period 2014–2016 [6].
The first three indicators are the standard indicators used by the WHO to assess the inci-
dence of measles and rubella and the number of CRS cases. The 4th indicator relates to the
number of outbreaks notified in a given year and has been newly created based on information
contained in the outbreak section of the ASU. Moreover, since the WHO requires that for
each outbreak being notified a report form, containing a description of the epidemic and the
control and prophylaxis measures taken to contain its spread, should be completed by the
regional surveillance systems [7], further two indicators have been created to assess the quality
of outbreak investigation. Specifically, the 5th indicator relates to the percentage of outbreaks
with submission of the outbreak reporting form, while the 6th indicator relates to the percent-
age of outbreak reporting forms that contain description of outbreak (e.g. index case, case con-
tacts, setting, pattern of transmission) and measures taken. The 7th to 22nd indicators are
WHO standard indicators used in the national ASU to assess the performance of measles and
rubella surveillance systems [2]. The 23rd to 26th indicators are the standard vaccination cover-
age indicators for measles and rubella; the last two indicators, which have been drawn up from
scratch, relate to the SIAs performed across the country (i.e. strategies for delivering vaccina-
tion to children missed by routine services or to older susceptible individuals) and the percent-
age of Regions reporting SIAs. WHO targets are available for standard indicators since these
indicators are used by the RVC to make reliable conclusions regarding achievement of the
elimination objectives in each MS.
The 28 indicators have been evaluated for the period 2013–2018. For those indicators for
which WHO targets are not available, we evaluated only the national trends for the period con-
sidered; for indicators with available WHO targets, we also assessed the national data against
the WHO targets (see Table 2 in the Results for details).
Results
Incidence of measles and rubella
Compared to previous years, a dramatic increase in the incidence of measles was observed in
2017, when measles incidence reached 88.4 cases per million population (5404 cases) (Table 2). In
2018, measles incidence decreased to 43.3 cases per million population, with 2682 measles cases
Table 1. Number of indicators identified in each core component of the ASU’s form.
Component Indicators (N)
Epidemiology of measles, rubella and CRS cases 6
Molecular epidemiology of measles and rubella viruses 0
Performance of measles, rubella and CRS surveillance 16
Population immunity against measles and rubella 6
Sustainability of the national immunization programme 0
https://doi.org/10.1371/journal.pone.0226513.t001
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reported to the Italian surveillance system. For rubella, despite a slight increase in 2017, the inci-
dence remained relatively low over the period considered. Concerning CRS, no more than one
case has been reported in Italy since 2014. In 2018, one imported case of CRS was reported to the
surveillance system, but this was excluded from the total number of cases classified as CRS since,
according to WHO guidelines, only endemic cases must be included in this count.
Outbreaks
The number of measles outbreaks in 2017 was 5-fold higher than the number registered in
2016 (634 vs 119); in 2018 a reduction was observed, with 231 outbreaks being reported to the
national surveillance system (Table 2). It must be underlined that most of the outbreaks
Table 2. Results of the analysis of data used in the national annual status updates, Italy 2013–2018.
Indicators WHO targets 2013 2014 2015 2016 2017 2018
Incidence or number of cases
1. Measles incidence per 1 million population <1/1,000,000 40.7 27.0 3.9 13.6 88.4 43.3
2. Rubella incidence per 1 million population <1/1,000,000 1.2 0.4 0.4 0.5 1.1 0.3
3. Number of CRS cases <1/100,000 3 0 0 1 1 0
Outbreaks
4. Number of outbreaks 203 204 38 119 634 231
5. Percentage of outbreaks with submission of the outbreak reporting form 0.0 89.7 84.2 57.1 100.0 100.0
6. Percentage of outbreak reporting forms with information on description of outbreak and measures taken 0.0 52.5 76.3 43.7 5.7 35.1
Performance of measles surveillance
7. Timeliness of reporting to national level (in %) �80% 90.5 79.4 87.7 89.7 92.9 89.3
8. Completeness of reporting to national level (in %) �80% 95.2 79.4 87.7 89.7 92.9 89.3
9. Rate of laboratory investigations (in %) �80% 12.3 12.4 21.6 16.0 83.1 75.1
10. Rate of discarded cases �2/100,000 0.30 0.20 0.14 0.12 0.68 0.39
11. Representativeness of reporting discarded cases (in %) �80% 0.0 0.0 0.0 0.0 4.8 0.0
12. Viral detection (in %) �80% 20.5 NA NA 32.5 62.1 71.9
13. Origin of infection identified (in %) �80% 93.3 95.7 98.4 93.5 90.9 89.2
14. Timeliness of investigation (in %) �80% NA NA NA NA NA 0.0
Performance of rubella surveillance
15. Timeliness of reporting to national level (in %) �80% 90.5 79.4 87.7 89.7 92.9 89.3
16. Completeness of reporting to national level (in %) �80% 90.5 79.4 87.7 89.7 92.9 89.3
17. Rate of laboratory investigations (in %) �80% 61.0 31.9 25.5 13.2 17.0 23.8
18. Rate of discarded cases �2/100,000 0.05 0.05 0.04 0.04 0.04 0.04
19. Representativeness of reporting discarded cases (in %) �80% 0.0 0.0 0.0 0.0 0.0 0.0
20. Viral detection (in %) �80% NA NA NA NA NA NA
21. Origin of infection identified (in %) �80% 68.2 76.0 66.7 83.3 83.8 61.9
22. Timeliness of investigation (in %) �80% NA NA NA NA NA NA
Routine vaccination coverage and SIAs
23. Measles-containing vaccine, 1st dose �95% 90.35 86.74 85.29 87.26 91.68 92.99
24. Measles-containing vaccine, 2nd dose �95% 84.05 82.72 82.94 82.24 85.80 88.88
25. Rubella-containing vaccine, 1st dose �95% 90.30 86.69 85.22 87.19 91.64 92.97
26. Rubella-containing vaccine, 2nd dose �95% 83.65 82.46 82.75 82.04 85.62 88.73
27. Number of SIAs 5 14 44 34 15 58
28. Percentage of Regions reporting SIAs 14.3 28.6 38.1 38.1 14.3 42.9
WHO World Health Organization; SIAs supplemental immunization activities; NA not available.
https://doi.org/10.1371/journal.pone.0226513.t002
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notified in the years under review consisted of only two cases (total number of outbreak cases
between 2013 and 2018: 5007; median: 2; interquartile range: 2–3).
Unlike in previous years, both in 2017 and in 2018, Italy succeeded in submitting an out-
break reporting form for each outbreak identified. However, results for the indicator “percent-
age of outbreak reporting forms with information on description of outbreak and measures
taken” were not satisfactory in most of the years under review, suggesting a weakness of the
Italian surveillance system in monitoring the epidemiological investigation undertaken during
outbreaks. The lowest result was reached in 2017, when only 5.7% of the outbreak forms con-
tained this information.
Surveillance performance
All except two performance indicators relating to measles surveillance improved in 2017 com-
pared to previous years; the exceptions were the timeliness of investigation, currently not moni-
tored for both measles and rubella, and the origin of infection identified which, albeit declining,
was still above the WHO target of�80% (Table 2). A sharp increase was observed in particular
in the rate of laboratory investigation, which increased from 16.0% in 2016 to 83.1% in 2017,
thereby achieving the WHO target of�80%, and in the viral detection rate, which increased
from 32.5% in 2016 to 62.1% in 2017. A similar improvement in performance indicators was
observed in 2018, with the difference that the rate of laboratory investigation decreased by eight
percentage points compared to 2017, while an increase of 9.8 percentage points on the previous
year was observed for viral detection. Indicators relating to the performance of rubella surveil-
lance did not improve to the same extent as those of measles. In particular, the rate of laboratory
investigation has stagnated below 32% since 2014. The origin of infection identified achieved
the WHO target of�80% in 2016 and in 2017; however, it significantly decreased in 2018, los-
ing more than 20 percentage points compared to the previous two years. The indicator viral
detection was not applicable since no rubella outbreaks occurred in the years under review.
Vaccination coverage and SIAs
Vaccination coverage has begun to increase substantially since 2017. The most recent data
available show that vaccination coverage for measles-containing vaccine (MCV) increased by
5.7 percentage points in 2018 compared to 2016 with regard to the 1st dose (87.3% in 2016 vs
93.0% in 2018) and by 6.6 percentage points with regard to the 2nd dose (82.2% in 2016 vs
88.9% in 2018). Almost identical trends were observed for the first and second doses of
rubella-containing vaccine (RCV; Table 2).
The implementation of SIAs increased substantially in the first three years under review,
with 44 SIAs reported in 2015 vs 5 SIAs in 2013. The number of Regions reporting SIAs also
increased over this period (14.1% vs 38.1%). However, in 2016, a decrease in the number of
SIAs was observed, which became more severe in 2017; the number of Regions reporting SIAs
also decreased dramatically in 2017. In contrast, in 2018 a marked improvement in both these
indicators was observed, with nine Regions out of 21 (42.9%) reporting an overall number of
58 SIAs (Tables 2 and 3).
Globally, over 90% of the reported SIAs (80% in 2013; 92.9% in 2014; 97.7 in 2015; 91.2% in
2016; 93.3 in 2017; 98.3 in 2018) were aimed at increasing population immunity through the
monitoring of non-compliant or susceptible subjects and the active vaccination offer to broad
age groups or high-risk population groups. The remaining portion has been finalized to the
interruption of the epidemic chain through active case search and vaccination offer to all sus-
ceptible contacts.
Progress towards elimination of measles and rubella in Italy
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During the period 2013–2018, the age groups most represented in the SIAs were children
(0–10 years) and adolescents (11–18 years) with percentages, out of the total number of
SIAs, that reached 67% for children in 2017 and 48% for adolescents in 2015 (Table 3). In the
years 2013–2016, 28.7% of SIAs were addressed to women of childbearing age/post-partum
period; this percentage has dropped dramatically to zero in the last two years. Since 2014, the
trend over time of SIAs dedicated to migrants/refugees seeking-asylum (7.1% in 2014, 8.6 in
2018) or to the Roma population (7.1% in 2014, 6.9% in 2018) appears to be quite stable
(Table 3).
Regional differences
In countries with decentralized health policies, progress towards elimination should also be
assessed at the subnational level [2, 6]. In Italy, which consists of 21 administrative Regions,
regional differences can hinder the achievement of elimination goals [6]. This is particularly
evident for vaccination coverage, which is a key measure for evaluating the performance of the
immunization system at both national and subnational level [2].
Figs 1 and 2 show regional vaccination coverage for the period 2013–2018, for the first and
second doses, respectively, of MCV and RCV. These are the official data published by the Ital-
ian Ministry of Health and may differ from the ASU data due to the fact that the former are
generally released after the ASU submission and can therefore be more uptodate. Most of the
Regions of the South registered rates below the national average until 2016; this was particu-
larly evident for the second dose (Fig 2). Regional differences between 2014 and 2016 have
been amply described elsewhere [6]. In 2017 and in 2018 a greater homogeneity among both
Regions and geographical areas was achieved for the first dose, with 16 and 20 Regions achiev-
ing a vaccination coverage higher than 90%, respectively (Fig 1). In contrast, heterogeneity
remained high for the second dose in both years (Fig 2). In 2018, only two Regions reached the
95% target, Toscana for the first dose and Basilicata for the second dose.
Table 3. Frequency of SIAs and of regions reporting SIAs by target population, Italy, 2013–2018.
Year 2013 2014 2015 2016 2017 2018
Total number of SIAs 5 14 44 34 15 58
Regions reporting SIAs 3 6 8 8 3 9
Target population SIAs Regions SIAs Regions SIAs Regions SIAs Regions SIAs Regions SIAs Regions
N (%) N N (%) N N (%) N N (%) N N (%) N N (%) N
All ages 1 (20) 1 1 (7.1) 1 1 (2.3) 1 − − − − 1 (1.7) 1
Children (0–10 years) − − 6
(42.9)
3 12
(27.3)
4 12
(35.3)
6 10
(66.7)
2 31
(53.4)
6
Adolescents (11–18 years) 1 (20) 1 7
(35.7)
4 21
(47.7)
5 13
(38.2)
5 5 (33.3) 1 24
(42.9)
7
Adults (19–64 years) − − − − 7 (15.9) 3 1 (2.9) 1 1 (6.7) 1 1 (1.7) 1
Women of child-bearing age/Post-partum
women
3 (60) 2 3
(21.4)
2 3 (21.4) 3 4 (11.8) 2 − − − −
Medical or HealthCare Workers/students − − 1 (7.1) 1 1 (2.3) 1 1 (2.9) 1 − − 2 (3.4) 2
Migrants/refugees − − 1 (7.1) 1 2 (4.5) 2 3 (8.8) 3 1 (6.7) 1 5 (8.6) 4
Roma population camps − − 1 (7.1) 1 1 (2.3) 1 3 (8.8) 1 − − 4 (6.9) 3
Detainees − − − − − − − − − − 1 (1.7) 1
Note: Frequency of SIAs/Regions reporting SIAs by target population may differ from the total number of SIAs/Regions reporting SIAs in Table 2 since some SIAs were
targeted to more than one population group.
https://doi.org/10.1371/journal.pone.0226513.t003
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Discussion
Between 2013 and 2018, there were two clear advancements towards the elimination of mea-
sles and rubella in Italy. Laboratory investigation and molecular epidemiology of measles cases
are undoubtedly an area in which considerable improvements have been achieved. Such
improvements can mostly be attributed to the establishment of the National Network of Refer-
ence Laboratories for measles and rubella (MoRoNet), supervised by the NRL [8]. The work
carried out by this network enabled a timely laboratory investigation of the outbreak and spo-
radic cases that occurred in 2017, and the identification of the majority of the genotypic vari-
ants circulating in the country, as well as confirmation of episodes of disease imported from
abroad [9]. The performance of measles laboratory surveillance also continued to be good in
2018. Despite a decrease in the rate of measles laboratory investigations (83.1% in 2017 vs.
75.1% in 2018)–which can be explained by a poorer performance in some Italian Regions,
probably due to a reduction in the efficiency of local health systems–detection of measles virus
from outbreaks further improved in 2018, reaching 71.9% (from 62.1% in 2017). Molecular
epidemiology of measles viruses is indeed an important component of outbreak investigation
and is essential for global surveillance of circulating wild–type measles strains. Genetic analy-
ses performed by the NRL on measles virus sequences coming from the network’s laboratories-
showed in particular the co-circulation of genotypes B3 and D8 in 2018. The B3-Dublin,
B3-Saint Denis and D8-GirSomnath were the most prevalent named strain variants within
genotype B3 and D8. Others named strain variants were less frequently identified (this topic
will be treated in more detail in a specific paper).
Fig 2. Vaccination coverage for measles and rubella-containing vaccine second dose by Region, Italy, 2013–2018.
MCV2, measles-containing vaccine second dose; RCV2, rubella-containing vaccine second dose.
https://doi.org/10.1371/journal.pone.0226513.g002
Fig 1. Vaccination coverage for measles- and rubella-containing vaccine first dose by Region, Italy, 2013–2018.
MCV1, measles-containing vaccine first dose; RCV1, rubella-containing vaccine first dose.
https://doi.org/10.1371/journal.pone.0226513.g001
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Another positive aspect that must be underlined is the increase in measles and rubella vacci-
nation coverage registered in the last two years of the study: 5.7 percentage points more for the
first dose and 6.6 percentage points more for the second dose compared to 2016. This progress
is the result of a marked increase in the political commitment of Italy to measles and rubella
elimination. A major example of this increased commitment is the law n˚ 119/2017, which was
approved in Italy in 2017 with the aim of making ten vaccinations, including measles and
rubella, mandatory for children from birth to 16 years of age [10]. Together with Italy, other
European countries enforced compulsory policies in order to prevent the spread of infectious
diseases. With specific regard to measles and rubella, a total of nine countries (Bulgaria, Croa-
tia, Czech Republic, France, Hungary, Italy, Latvia, Poland, and Slovakia) adopted mandatory
vaccination against mumps-measles-rubella, while this vaccination is recommended in the
other 22 European countries [11]. Other examples of the increased commitment of Italy to
measles and rubella elimination are the approval of the new National Plan of Vaccine Preven-
tion (PNPV) 2017–2019, which became officially operative in January 2017 and confirms the
elimination of measles and rubella as a priority national objective [12], and the 2017 Financial
Law, which establishes a specific fund for the supply of vaccines by the Regions [13].
However, despite these improvements, the elimination of measles and rubella in Italy is not
yet on the horizon. The analysis of the ASUs revealed in fact some critical aspects of the Italian
elimination programme that still need to be addressed. One of these aspects is the poor quality
of outbreak monitoring highlighted by the low number of report forms submitted and the
incomplete nature of the relevant information. There are two reasons for this. Firstly, the great
number of outbreaks with only two cases might have discouraged the conduction of thorough
outbreak investigations. Secondly, to date, Regions produce such report forms only in retro-
spect in response to a specific ministerial request, with the consequence that some information
can be lost.
Another critical aspect is the performance of rubella surveillance for which no improve-
ments were observed in 2017 and in 2018, especially with regard to the laboratory investigation
and the origin of infection identified. One possible explanation is that rubella is generally a
milder disease than measles and infection is subclinical in 30%–50% of cases; therefore,
although measles and rubella surveillance are integrated, surveillance is less sensitive for
rubella [14]. This situation is not limited only to Italy. In fact, based on the evaluations made
by the RVC on the ASUs submitted by MSs for 2018, the extent and quality of rubella surveil-
lance is still suboptimal in many countries [1].
Finally, SIAs have been poorly implemented in the years under review. This situation
already emerged from the monitoring conducted at the regional level for the years 2014–2016
that showed that over half of the Regions did not report a single SIA for the period considered
[6]. The situation worsened further in 2017, when only three Regions out of 21 (14.3%)
reported SIAs, giving a total of just 15 immunization activities across the whole country. In
2018, although an improvement in the number of SIAs was observed, the proportion of report-
ing Regions was still below 50%. With regard to groups targeted by SIAs, the need to rapidly
increase vaccination coverage in the light of the high number of measles cases of recent years
has probably led Regions to conduct SIAs primarily targeting children and adolescents. On the
contrary, less attention has been paid to the older age groups. In fact, only two SIAs out of the
73 conducted in 2017 and in 2018 were addressed to adults not belonging to specific risk
groups. Similarly, very few SIAs were implemented to increase vaccination coverage of at-
higher-risk groups such as health care workers (HCWs), targeted, on average, by only one SIA
per year, and women of childbearing age, for which no SIAs were reported in the last two
years under review.
Progress towards elimination of measles and rubella in Italy
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Several issues are still hindering the achievement of the elimination goals in our country. In
view of these problems, a set of major interventions aimed at improving the elimination pro-
cess have been recommended by the Italian NVC.
Improve outbreak monitoring
To increase vaccination services capacity to report outbreak investigations, outbreak report
forms should be completed directly on the web-based surveillance platform. This would not
only avoid data loss due to an ex post analysis, but would allow, on a central level, timely moni-
toring of epidemics and the implementation of targeted containment actions. Based on this
recommendation of the NVC, a ministerial circular was released in November 2018 to further
strengthen the national integrated measles and rubella surveillance system [15], including
among the main changes the integration of the outbreak report form in the surveillance plat-
form to improve collection of relevant outbreak information (e.g. source of infection, trans-
mission settings, vaccination details). The update will also include the possibility of specifying
the date of initiation of the epidemiological investigation, thus enabling the calculation of the
indicator “Timeliness of investigation”, which is not currently monitored.
Strengthen the MoRoNet network
The MoRoNet network has to be further strengthened to ensure that the quality of rubella lab-
oratory data meet the WHO standard requirements along with those of measles. In this
respect, in November 2018, the Italian Ministry of Health released a circular reporting indica-
tions related to laboratory diagnosis. The document underlines the importance of ensuring
that measles and rubella diagnosis and genotyping is performed by an accredited laboratory
belonging to MoRoNet.
Increase SIAs
Although the recent legislation on mandatory vaccination should lead to an improvement in
vaccination coverage for individuals up to the age of 16 years, additional immunization activi-
ties are needed to increase vaccination coverage rates in older age groups, particularly given
the high percentage of cases in the adult population. Major efforts are also needed to improve
vaccination coverage of at-higher-risk groups such as HCWs. In Italy, HCWs are not required
to show evidence of measles immunity for employment. Verifying the immunity status of all
HCWs and ensuring that susceptible HCWs are vaccinated against measles is therefore of par-
amount importance [16–18]. Greater attention should also be given to women of childbearing
age both for the elimination of congenital rubella and for the protection of the newborn before
vaccination and, more generally, because they represent a fundamental target for the promo-
tion of vaccination culture and for contrasting vaccine hesitancy [19–21]
Reinforce vaccination services
The introduction of the law on mandatory vaccination has led to an increased commitment to
routine immunization activities among regional vaccine services. However, this might be at
the expense of other activities, such as routine epidemiological investigations and SIAs, to
which, especially in 2017, less time and fewer resources have been devoted in an effort to enact
the measures provided for by the new legislation. To allow vaccination services to carry out
both routine, high-quality epidemiological investigations and SIAs, it is essential to increase
their financial support as well as their workforce.
Progress towards elimination of measles and rubella in Italy
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Maintain the regional monitoring
The Regions use different organizational models for the delivery of vaccination services, which
has meant that, even with the new law, the increase in routine vaccination coverage observed
in 2017 and in 2018 was not homogeneous across the country, especially for the second dose
of both measles and rubella vaccine. This situation was already apparent from the analysis of
regional vaccination coverage conducted for the period 2014–2016 [6], which showed poor
results in Regions with financial deficit, although these poor results were not confined to vacci-
nation. Decentralization policies have certainly led to significant differences among regional
health services in the whole area of health promotion and disease prevention [22–26]. Thus,
monitoring progress towards the elimination goals at subnational as well as national level
appears to be essential to ensure the uniform implementation of vaccination policies across
the country. The local monitoring carried out through the regional ASUs and the SSRs has
proved to be very useful for this purpose. It has highlighted the most critical areas in the elimi-
nation programme at regional level and has identified those Regions experiencing the most
difficulty in achieving the objectives of the programme, resulting in the development of plans
for targeted activities to support these Regions [3–6, 27]. The production of such reports
should therefore continue to complement that of the national ASU to guarantee a fine-scale
monitoring of the elimination programme.
Design effective communication strategies
Vaccine hesitancy has been increasing worldwide and in particular in European countries,
including Italy, where it has led to a decline in vaccination coverage for several vaccines, result-
ing in continued outbreaks of vaccine-preventable diseases such as measles [28]. In Italy, to
counteract the growing scepticism towards vaccination, the Italian parliament approved law
no. 73/2017 in June 2017. This legislative measure, however, became the subject of great debate
and many conflicting opinions. In response to this debate, the Five Star Movement–League
government has proposed a new bill introducing a so-called “flexible obligation”, which would
prioritize the education of parents on the benefits of vaccines without making immunization
compulsory, unless there are disease outbreaks or the vaccination coverage rate falls too low
[29]. The debate is still ongoing, but, according to Ministry of Health press releases, measles
and rubella vaccinations will remain mandatory. Within this context, it is clear that legislative
measures alone are not sufficient to guarantee that elimination goals are achieved and that ini-
tiatives aimed at increasing the trust of Italian citizens in vaccination are urgently needed. In
particular, there is the need to reinforce parents’ beliefs about the importance of vaccination
and to increase their knowledge regarding the benefit of vaccines. Parental knowledge of and
attitudes towards the efficacy and safety of vaccines may have indeed an effect on parents’ deci-
sion of vaccinating their children [30, 31]. To this end, it is essential to train HCWs involved
in administering vaccines by providing them with technical and evidence-based information
on vaccines in order to ensure that they can communicate effectively with parents [32]. Fur-
thermore, it is important to encourage greater activism of institutions and scientific societies
on the web and social media to counteract disinformation precisely where fake news on vac-
cines is mainly disseminated and to provide parents with reliable information on the validity
and benefit of vaccination [33–36].
Foster the role of general practitioners and family paediatricians
General practitioners and family paediatricians are a reliable source of information for parents
with children due for vaccination. A national survey on parental vaccine hesitancy in Italy
revealed that over 90% of respondents consider their family paediatrician to be a very or
Progress towards elimination of measles and rubella in Italy
PLOS ONE | https://doi.org/10.1371/journal.pone.0226513 December 16, 2019 10 / 14
sufficiently reliable source of information on vaccinations [37]; in another Italian survey inves-
tigating knowledge and attitudes on paediatric vaccinations in pregnant women, almost 80%
of those that obtained information on vaccination from general practitioners or primary care
paediatricians indicated that the quality of the information provided was satisfactory [21].
However, an extensive critical review has shown that the quality of the information itself
seems to matter less than the credibility of the institutions that deliver it [38]. Health care pro-
fessionals should therefore be adequately trained to improve not only their technical but also
their communication skills to ensure that unambiguous messages are delivered to patients and
parents, to build trust in vaccination throughout the population.
Conclusions
Besides promoting the documentation and verification process, the NVC advocates for
strengthening measles and rubella elimination programme by encouraging authorities to
implement appropriate strategies towards elimination goals. The review of national ASUs is a
crucial step to provide the NVC with useful insights into the elimination process and to guide
the development of targeted interventions. Against this background, the seven recommenda-
tions proposed by the NVC have been shared with the Italian Ministry of Health and the
National Technical advisory group as a technical aid to support the elimination process. More-
over, such recommendations have been incorporated into the draft of the new Italian Measles
and Rubella Elimination Plan 2019–2023, which is currently being evaluated by the State-
Regions Conference and will likely be released as soon as an agreement between State and
Regions is reached.
Acknowledgments
The authors acknowledge the members of the Italian NVC (Filippo Ansaldi, Alessandro Capo-
longo, Antonio Ferro, Pierluigi Lopalco, Monia Pacenti, Alberto Villani) for their contribu-
tions to the preparation of the national ASUs and to the drafting of NVC recommendations.
Author Contributions
Conceptualization: Giovanna Adamo, Paolo Villari.
Data curation: Giovanna Adamo, Valentina Baccolini, Azzurra Massimi, Domenico Barbato,
Rosario Cocchiara, Carolina Di Paolo, Annamaria Mele, Sara Cianfanelli, Aurora Ange-
lozzi, Fulvio Castellani, Carla Salerno, Claudia Isonne, Antonino Bella, Antonietta Filia,
Martina del Manso, Melissa Baggieri, Loredana Nicoletti, Fabio Magurano, Stefania Ian-
nazzo, Carolina Marzuillo.
Formal analysis: Giovanna Adamo.
Investigation: Giovanna Adamo, Valentina Baccolini, Azzurra Massimi, Domenico Barbato,
Rosario Cocchiara, Carolina Di Paolo, Annamaria Mele, Sara Cianfanelli, Aurora Ange-
lozzi, Fulvio Castellani, Carla Salerno, Claudia Isonne, Antonino Bella, Fabio Magurano,
Carolina Marzuillo, Paolo Villari.
Methodology: Giovanna Adamo, Paolo Villari.
Resources: Antonino Bella, Antonietta Filia, Martina del Manso, Melissa Baggieri, Loredana
Nicoletti, Fabio Magurano, Stefania Iannazzo.
Supervision: Giovanna Adamo, Stefania Iannazzo, Paolo Villari.
Progress towards elimination of measles and rubella in Italy
PLOS ONE | https://doi.org/10.1371/journal.pone.0226513 December 16, 2019 11 / 14
Validation: Giovanna Adamo, Valentina Baccolini, Azzurra Massimi, Antonino Bella, Fabio
Magurano, Stefania Iannazzo, Carolina Marzuillo, Paolo Villari.
Visualization: Giovanna Adamo.
Writing – original draft: Giovanna Adamo.
Writing – review & editing: Antonino Bella, Fabio Magurano, Paolo Villari.
References
1. WHO Regional Office for Europe. 8th meeting of the European Regional Verification Commission for
Measles and Rubella Elimination (RVC). Copenhagen: WHO Regional Office for Europe; 2019. Avail-
able from: http://www.euro.who.int/en/health-topics/communicable-diseases/measles-and-rubella/
publications/2018/7th-meeting-of-the-european-regional-verification-commission-for-measles-and-
rubella-elimination-rvc.-report
2. WHO Regional Office for Europe. Eliminating measles and rubella—Framework for the verification pro-
cess in the WHO European Region. Copenhagen: WHO Regional Office for Europe; 2014. Available
from: http://www.euro.who.int/__data/assets/pdf_file/0009/247356/Eliminating-measles-and-rubella-
Framework-for-the-verification-process-in-the-WHO-European-Region.pdf
3. WHO Regional Office for Europe. A report on the epidemiology of selected vaccine-preventable dis-
eases in the European Region. WHO EpiBrief 2018; 1:1–16. http://www.euro.who.int/__data/assets/
pdf_file/0009/370656/epibrief-1-2018-eng.pdf
4. Adamo G, Sturabotti G, De Soccio P, Prencipe GP, Sciarra I, Baccolini V, et al. [The elimination of mea-
sles and rubella in Italy]. Ig Sanità Pubbl. 2017; 73(5):429–442. PMID: 29433130
5. Adamo G, Sturabotti G, D’Andrea E, Baccolini V, Romano F, Innazzo S, et al. The end of measles and
congenital rubella: an achievable dream? Ann Ig. 2017; 29(1):1–26. https://doi.org/10.7416/ai.2017.
2128 PMID: 28067934
6. Adamo G, Sturabotti G, Baccolini V, de Soccio P, Prencipe GP, Bella A, et al. Regional reports for the
subnational monitoring of measles elimination in Italy and the identification of local barriers to the attain-
ment of the elimination goal. PLoS One. 2018 Oct 24; 13(10):e0205147. https://doi.org/10.1371/journal.
pone.0205147 PMID: 30356247
7. WHO Regional Office for Europe. Guidelines for measles and rubella outbreak investigation and response
in the WHO European Region. Copenhagen: WHO Regional Office for Europe; 2013. Available from:
http://www.euro.who.int/__data/assets/pdf_file/0003/217164/OutbreakGuidelines-updated.pdf?ua=1
8. Mo.Ro.Net–liberi dal morbillo e dalla rosolia [Mo.Ro.Net.–free from measles and rubella]. Italian. Avail-
able from: http://moronetlab.it/
9. Magurano F, Baggieri M, Mazzili F, Bucci P, Marchi A, Nicoletti L, et al. Measles in Italy: Viral strains
and crossing borders. Int. J Infect Dis. 2019; 79:199–201.
10. Italian Ministry of Health (MoH). Il Decreto vaccini è legge, tutte le novità. [The vaccination decree is
now law, all the novelties introduced]. Rome: MoH; 2017. Italian. Available from: http://www.salute.gov.
it/portale/news/p3_2_1_1_1.jsp?lingua=italiano&menu=notizie&p=dalministero&id=3027
11. Bozzola E, Spina G, Russo R, Bozzola M, Corsello G, Villani A. Mandatory vaccinations in European
countries, undocumented information, false news and the impact on vaccination uptake: the position of
the Italian pediatric society. Ital J Pediatr. 2018 Jun 14; 44(1):67. https://doi.org/10.1186/s13052-018-
0504-y PMID: 29898770
12. Italian Ministry of Health (MoH). [Piano Nazionale Prevenzione Vaccinale. PNPV 2017–2019]. Rome:
MoH; 2018. Available from: http://www.salute.gov.it/imgs/C_17_pubblicazioni_2571_allegato.pdf
13. Legge 11 dicembre 2016, n. 232. Bilancio di previsione dello Stato per l’anno finanziario 2017 e bilancio
pluriennale per il triennio 2017–2019. (16G00242). G.U. Serie Generale, n. 297 del 21 dicembre 2016.
14. Grant GB, Reef SE, Patel M, Knapp JK, Dabbagh A. Progress in Rubella and Congenital Rubella Syn-
drome Control and Elimination—Worldwide, 2000–2016. MMWR Morb Mortal Wkly Rep. 2017 Nov 17;
66(45):1256–1260. https://doi.org/10.15585/mmwr.mm6645a4 PMID: 29145358
15. Italian Ministry of Health (MoH). [Circolare “Aggiornamento del sistema di sorveglianza integrata del
morbillo e della rosolia, per il rafforzamento degli obiettivi di eliminazione”, prot. 33189 del 12 novembre
2018]. Rome: MoH; 2018. Available from: http://www.trovanorme.salute.gov.it/norme/
renderNormsanPdf?anno=2018&codLeg=66521&parte=1%20&serie=null
16. Filia A, Bella A, Rota MC, Tavilla A, Magurano F, Baggieri M, et al. Analysis of national measles surveil-
lance data in Italy from October 2010 to December 2011 and priorities for reaching the 2015 measles
elimination goal. Euro Surveill. 2013; 18:1–7.
Progress towards elimination of measles and rubella in Italy
PLOS ONE | https://doi.org/10.1371/journal.pone.0226513 December 16, 2019 12 / 14
17. Filia A, Bella A, Del Manso M, Baggieri M, Magurano F, Rota MC. Ongoing outbreak with well over
4,000 measles cases in Italy from January to end August 2017 −what is making elimination so difficult?
Euro Surveill. 2017; 22:1–5.
18. Filia A, Bella A, Cadeddu G, Milia MR, Del Manso M, Rota MC, et al. Extensive Nosocomial Transmis-
sion of Measles Originating in Cruise Ship Passenger, Sardinia, Italy, 2014. Emerg Infect Dis. 2015; 21
(8):1444–6. https://doi.org/10.3201/eid2108.141105 PMID: 26196266
19. Gualano MR, Bert F, Voglino G, Buttinelli E, D’Errico MM, De Waure C, et al. Attitudes towards compul-
sory vaccination in Italy: Results from the NAVIDAD multicentre study. Vaccine. 2018; 23:3368–3374.
20. Massimi A, Rosso A, Marzuillo C, Prencipe GP, de Soccio P, Adamo G, et al. Childhood vaccinations: A
pilot study on knowledge, attitudes and vaccine hesitancy in pregnant women. Epidemiology Biostatis-
tics and Public Health. 2017; 4:e12625.1–e12625.5.
21. Rosso A, Massimi A, De Vito C, Adamo G, Baccolini V, Marzuillo C, et al. Knowledge and attitudes on
pediatric vaccinations and intention to vaccinate in a sample of pregnant women from the City of Rome.
Vaccine. 2019 Mar 28; 37(14):1954–1963. https://doi.org/10.1016/j.vaccine.2019.02.049 PMID:
30827733
22. Rosso A, De Vito C, Marzuillo C, Massimi A, DAndrea E, Villari P. The negative effect of financial con-
straints on planning prevention activities: Some evidence from the Italian experience. Eur J Public
Health. 2015; 25:1117–9. https://doi.org/10.1093/eurpub/ckv087 PMID: 25958239
23. Rosso A, Marzuillo C, Massimi A, De Vito C, de Belvis AG, La Torre G, et al. Policy and planning of pre-
vention in Italy: Results from an appraisal of prevention plans developed by Regions for the period
2010–2012. Health Policy. 2015 Jun; 119(6):760–9. https://doi.org/10.1016/j.healthpol.2015.03.012
PMID: 25887486
24. Unim B, De Vito C, Massimi A, D’Andrea E, Rosso A, Villari P, et al. The need to improve implementa-
tion and use of lifestyle surveillance systems for planning prevention activities: An analysis of the Italian
Regions. Public Health. 2016; 130:51–8. https://doi.org/10.1016/j.puhe.2015.08.009 PMID: 26427315
25. De Vito C, Di Marco M, Marzuillo C, Matarazzo A, Massimi A, Villari P. Does economic crisis affect pre-
vention services? An Italian region as a case study. Epidemiol Biostat Public Heal. 2014; 11:1–7.
26. De Vito C, Massimi A, Di Thiene D, Rosso A, D’Andrea E, Vacchio MR, et al. Low level of attention to
health inequalities in prevention planning activities of the Italian Regions. Int J Equity Health. 2016;
15:1–9. https://doi.org/10.1186/s12939-015-0290-8
27. Adamo G, Baccolini V, Marzuillo C, Sturabotti G, Villari P. Slow progress in measles and rubella elimina-
tion in Italy. Epidemiol Biostat Public Health. 2016; 13:2015–6.
28. Ammon A, Prats Monne´ X. Vaccines, trust and European public health. Euro Surveill. 2018; 23(17):18–
00210.
29. Pianigiani G. Vaccine Law Returns to Force in Italy, Barring 300 Children From Kindergarten. New York
Times [newspaper on the Internet]. 2019 Mar 12. Available from: https://www.nytimes.com/2019/03/12/
world/europe/italy-vaccine.html
30. Napolitano F, D’Alessandro A, Angelillo IF. Investigating Italian parents’vaccine hesitancy: A cross-sec-
tional survey. Hum Vaccin Immunother. 2018 Jul 3; 14(7):1558–1565. https://doi.org/10.1080/
21645515.2018.1463943 PMID: 29641945
31. Bianco A, Mascaro V, Zucco R, Pavia M. Parent perspectives on childhood vaccination: How to deal
with vaccine hesitancy and refusal? Vaccine. 2019 Feb 8; 37(7):984–990. https://doi.org/10.1016/j.
vaccine.2018.12.062 PMID: 30655175
32. Tafuri S, Gallone MS, Cappelli MG, Martinelli D, Prato R, Germinario C. Addressing the anti-vaccination
movement and the role of HCWs. Vaccine. 2014; 32(38):4860–5. https://doi.org/10.1016/j.vaccine.
2013.11.006 PMID: 24262311
33. Siliquini R, Saulle R, Rabacchi G, Bert F, Massimi A, Bulzomı` V, et al. Validation of a web-based ques-
tionnaire for pregnant women to assess utilization of internet: survey among an Italian sample. Ann Ig.
2012 Sep-Oct; 24(5):397–405. PMID: 23193896
34. Aquino F, Donzelli G, De Franco E, Privitera G, Lopalco PL, Carducci A. The web and public confidence
in MMR vaccination in Italy. Vaccine. 2017 Aug 16; 35(35 Pt B):4494–4498.
35. Stahl JP, Cohen R, Denis F, Gaudelus J, Martinot A, Lery T, et al. The impact of the web and social net-
works on vaccination. New challenges and opportunities offered to fight against vaccine hesitancy. Med
Mal Infect. 2016; 46(3):117–22. https://doi.org/10.1016/j.medmal.2016.02.002 PMID: 26987960
36. Kata A. Anti-vaccine activists, Web 2.0, and the postmodern paradigm–An overview of tactics and
tropes used online by the anti-vaccination movement. Vaccine. 2012; 30(25): p. 3778–89. https://doi.
org/10.1016/j.vaccine.2011.11.112 PMID: 22172504
Progress towards elimination of measles and rubella in Italy
PLOS ONE | https://doi.org/10.1371/journal.pone.0226513 December 16, 2019 13 / 14
37. Giambi C, Fabiani M, D’Ancona F, Ferrara L, Fiacchini D, Gallo T, et al. Parental vaccine hesitancy in
Italy—Results from a national survey. Vaccine. 2018 Feb 1; 36(6):779–787. https://doi.org/10.1016/j.
vaccine.2017.12.074 PMID: 29325822
38. Yaqub O, Castle-Clarke S, Sevdalis N, Chataway J. Attitudes to vaccination: a critical review. Soc Sci
Med. 2014; 112:1–11. https://doi.org/10.1016/j.socscimed.2014.04.018 PMID: 24788111
Progress towards elimination of measles and rubella in Italy
PLOS ONE | https://doi.org/10.1371/journal.pone.0226513 December 16, 2019 14 / 14
